Cloud resolving 4DVAR experiment of a local heavy rainfall event
using GPS slant delay data
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NHM-4DVAR is a cloud-resolving nonhydrostatic 4D-Var data 3 \\
assimilation system based on the JMA Nonhydrostatic Model (NHM), | Assimilation experiment

to investigate the mechanism of heavy rainfall events induced
by mesoscale convective systems (MCSs). J
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Horizontal resolution : 2 km A cloud-resolving nonhydrostatic 4-dimensional variational Observational Data

assimilation system (NHM-4DVAR; Kawabata et al. 2009) is
applied to a heavy rainfall event. Doppler radar radial winds, radar
reflectivity, Global Positioning system (GPS) precipitable water
2 vapor (GPS-PWYV), surface winds and temperatures were *Doppler radial wind (1 min) A
assimilated in this assimilation experiment with 2-km grid spacing. *Radar reflectivity (1 min) |
PWV vs SD In addition to above data, a new assimilation method on GPS *Surface wind (10 min) i
slant delay data (GPS-SD) was developed. ‘Surface temperature (10 min)
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Water vapor yes yes The reproduction of cumulus convection in the GPS-SD is GPS-SD W Y
better than one in the GPS-PWYV in the assimilation window. The or
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Direction vertical satellite but the horizontal size in the GPS-PWYV is larger than one in the GPS-PWV X Amedos LGRS @ Doppler
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Through the horizontal distribution of water vapor, it is assimilation area
suggested that the small convergence of water vapor contributes

to the initiation of the convection and the wider area where the

: . amount of water vapor is large is important for the convection to
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GPS satellite Assumption: Radar reflectivity

o Homogeneity of
P Precipitable ° 1231 JST
‘ \‘ water vapor_|(mosphere \ ° ;obs;é@@; 200 ngsc;%ss?mz; BRI A L ng;;yssgmzsg
, — = k . i . . .
\ P mapping / ) £ _.]‘.-.4_#*’“' o § Convection initiated at 1200JST and
— A [HT | developed at the same point until 1231
N —‘H%t’ﬁf&@ "y JST.After that, it developed to MCS

YA

and moved north-westerly.

T8 T:'i'-fll :%i\, Observation

X ; 1:'.,.. e_.r'r.-l y
X /Sl T
NI DAY W\
\ / measure ks g,s |
N K\_/ the delay Of radIO WaveS - L i___,-...-"" ng%tgﬁggg%% seseT Reflectivity(dBZ) ~ PPI fcst HANEDA Reflectivity(dBZ) ~ PPI fcst HANEDA Reflectivity(dBZ) ~ PPI C t d d t th
: elevation=0.7degq 2008-08-05 12:31JST elevation=0.7deg 2008-08-05 13:56J4ST elevation=0.7degq OnveC ion iS re ro uce a e
GPS receiver | by atmosphere and T J— - _ p _
water vapor | = = _“= same point of the observation and
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How to assimilate the GPS-SD? . g
(a) Refractive index
(n—1) % 106 = B s R SRR e UMEL T BN e LT Convection is reproduced at the
same point of the observation.
P, : Partial pressure of dry air, P, : Partial pressure of water vapor, GPS-PWV But it is vanishes until 1231 JST,
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(b) Integration along the pass of radio wave. 100 km The convection develops as
same as the observation.
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and the model grid is less than 50 m.
*Departure value is under 1 m.

_ Water vapor for the initiation

Down scaling (2km -> 0.5km)
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Radar and surface data are provided by Japan Meteorological Agency, GPS data by Geographycal R to reproduce more

Survey Institute.
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